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a b s t r a c t
A 59-year-old woman with hypertrophic obstructive cardiomyopathy was admitted to our institution
with worsening heart failure. She developed mechanical intracardiac hemolysis due to left ventricular
outﬂow tract (LVOT) obstruction. Despite surgical myectomy, the LVOT pressure gradient (PG) remained
high and hemolytic anemia recurred. A dual-chamber implantable cardioverter deﬁbrillator was then
implanted, which decreased the LVOT-PG and improved hemolysis.
& 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
Anemia worsens obstructions in hypertrophic obstructive car-
diomyopathy (HOCM). Mechanical intracardiac hemolysis has
been proposed as a rare cause of anemia in patients with HOCM
[1]. Here we present the case of a patient with HOCM complicated
by intracardiac mechanical hemolysis that was dramatically con-
trolled by dual-chamber pacing.
2. Case report
A 59-year-old woman with HOCM was admitted to our institu-
tion with worsening heart failure (New York Heart Association
[NYHA] class IV). She developed pulmonary hypertension and
normocytic and normochromic anemia with a hemoglobin level of
8.6 g/dL. Lactate dehydrogenase level was slightly increased, and
the indirect bilirubin level was increased more than the direct
bilirubin level. A peripheral blood smear revealed increased
numbers of reticulocytes and slightly increased numbers of
fragmented red blood cells (Fig. 1). Coombs test was negative.
Based on the laboratory ﬁndings (Table 1), the cause of the anemia
was thought to be mechanical intracardiac hemolysis due to a left
ventricular outﬂow tract (LVOT) obstruction.
The patient was initially treated with carvedilol 10 mg daily,
verapamil 120 mg daily, and cibenzoline 300 mg daily according to
the Japanese Circulation Society guideline [2]. Her heart failure was
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Fig. 1. Increased number of fragmented red blood cells on a peripheral
blood smear.
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refractory to medical therapy. Myectomy was chosen because
repeated blood transfusions were required to improve her anemia
and heart failure, and the LVOT pressure gradient (LVOT-PG) was
4150 mmHg. A thin, 25 mm2 section of the myocardium was
removed. During the surgery, a transient decrease in LVOT-PG was
observed on transesophageal echocardiography and low blood
pressure was noted. After inotropic support was discontinued, no
decrease in LVOT-PG was noted, rather, it remained at 156 mmHg
just before implantable cardioverter deﬁbrillator (ICD) implantation
after myectomy (Fig. 2A). The ICD was indicated by the following
ﬁndings: (1) documentation of nonsustained VT, (2) abnormal blood
pressure response during exercise stress, (3) positive late ventricular
potential, and (4) late gadolinium enhancement on cardiac magnetic
resonance imaging.
Fig. 2. Time course of the left ventricular outﬂow tract (LVOT) obstruction on ultrasound echocardiography. (A) The LVOT obstruction had a pressure gradient of 156 mmHg
after optimal medical therapy prior to dual-chamber pacing. (B) After 1 week of dual-chamber pacing, the LVOT pressure gradient decreased to 68 mmHg. (C) After 3 weeks
of dual-chamber pacing, the LVOT pressure gradient decreased to 26 mmHg.
Table 1
Time course of the laboratory data. Serum folate and vitamin B12 concentrations are also within the normal range (479 pg/mL and 4.3 ng/mL, respectively).
Post-myectomy Pre-pacing 1 week later 3 weeks later
Hemoglobin, g/dL 7.9 8.6 12.2 13.3
Hematocrit, % 24.0 25.7 37.1 38.7
Red blood cells, 104/μL 240 260 371 373
Total indirect bilirubin, mg/dL 1.6/1.0 1.3/0.9 0.4/0.1 0.4/0.1
Lactate dehydrogenase, IU/L 280 264 215 213
Haptoglobin, mg/dL 6 7 94 117
Serum iron concentration, μg/dL 39 34 36 59
Ferritin, ng/mL 42 38 39 39
Total iron binding capacity, μg/dL 382 367 313 320
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A dual-chamber ICD was then implanted and the optimal atrio-
ventricular (AV) interval to obtain the lowest PG was adjusted to a
sensed PV interval of 70 ms/AV pace of 60 ms using echocardiography.
After 1 week, the LVOT-PG had decreased to 68 mmHg (Fig. 2B); by
3 weeks, it had decreased to 26 mmHg (Fig. 2C). The hemolysis was
well controlled because of the decreased PG, and the patient was
stabilized and discharged.
After 3 months of treatment, her hemoglobin level remained at
12.3 g/dL and her congestive heart failure improved from NYHA
class IV to class II.
3. Discussion
Mechanical intracardiac hemolysis has been reported as a rare
cause of anemia in patients with HOCM [1]. LVOT obstruction
causes hemolytic anemia, which then increases the left ventricular
contractility and exacerbates LVOT obstruction and hemolytic
anemia. This results in a vicious obstruction–anemia cycle.
Studies have shown that dual-chamber pacing signiﬁcantly
reduces the LVOT-PG in patients with HOCM. The rationale for
dual-chamber pacing in HOCM is that pre-excitation of the left
ventricular apex results in a paradoxical septal motion, decreased
ejection velocity, amelioration of any systolic anterior motion of
the mitral valve, and a reduced LVOT gradient. The M-PATHY study
by Maron et al. [3] showed that the LVOT-PG decreased in 40% of
the study population. Megevand et al. [4] also reported that the
LVOT gradient was signiﬁcantly reduced and that the reduction
remained signiﬁcant during the late follow-up period. All patients
had an improved LVOT-PG during the late follow-up compared
with that noted prior to dual-chamber pacemaker implantation.
In this case, dual-chamber pacing not only decreased LVOT-PG,
but also improved hemolytic anemia. The LVOT-PG reduction likely
decreased the mechanical red cell shear stress. Dual-chamber
pacing could be an effective therapy in patients with HOCM and
refractory anemia due to mechanical hemolysis.
4. Conclusion
To our knowledge, this is the ﬁrst report of a patient with
HOCM in whom mechanical hemolysis improved following dual-
chamber pacing, which subsequently resolved the vicious obstruc-
tion–anemia cycle.
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